. Surgeons rely their decision weather to operate or not based on specific motor clinical parameters at certain age, varying between up to three and nine months [8] [9] [10] [11] [12] [13] [14] . The most popular criterion was created by Gilbert et al. 8 and it is based on absent biceps function at three months of age. Others use a more conservative approach, such as O'Brien at al. 14 . Our clinical criterion has been absent antigravity elbow flexion at six months of age.
The initial clinical presentation has a clear relation with the final outcome. Patients with global paralysis usually have a poor prognosis 7, 9 , but the outcome of patients with C5-C6 or C5-C6-C7 involvement is less clear 5 . In this group of patients, paralysis can be related to neurapraxia, in which motor fibers are blocked, but do not degenerate 15 . This picture can last for some months, and the outcome still should be good.
Evaluation of sensibility in newborns and young infants has not been emphasized because of lack of cooperation of the patients. However, it has already been noted that patients with sensory deficits carry a grim prognosis 16 . Thumb sensation is related to sensory fibers from the median nerve ascending through the upper trunk and mainly C6 root 17 . Motor impairment of the upper trunk is always present in these patients, including biceps muscle. The objective of this study is to establish if thumb pain sensation can be used as a prognostic parameter in patients with birth brachial plexopathy.
METHODS
From December 2000 to February 2011, 160 patients with birth related brachial plexus lesions and less than 60 days of age were referred to the Peripheral Nerve Surgery Unit of the Neurosurgery Department of University of São Paulo Medical School. The diagnosis was clinically confirmed by a pediatric neurologist. Twenty-five patients were lost to follow-up, two were excluded because of bilateral lesions and two because of associated cerebral lesion. The remaining 131 patients were included in this study. The study was approved by the local ethical board.
There were 64 males and 67 females, ranging from 5 to 60 days of age. Birth weight ranged from 2000 g to 5520 g (median 3830 g). There were 84 normal deliveries, including 4 breech presentations; 45 forceps assisted deliveries and 2 cesarean sections. The right side was affected in 88 patients and the left side in 43. We classified the level of involvement of the patients according to the innervation pattern of the weak muscles. There were 77 lesions involving C5-C6 levels, 37 involving C5-C6-C7 levels, and 17 patients with global paralysis. All the patients were followed-up on a monthly basis by the same child neurologist, using a standard evaluation protocol. Pain sensation was evoked by digital compression of thumb nail bed ( Figure) . The amount of force was not standardized, but it was not more than 2 kgf. No patient developed nail bed hematomas after the test. Crying or facial grimace were considered normal responses. The healthy side was tested as a control. If the child showed no response to thumb nail compression on the affected side and normal response on the control side, the test was considered abnormal. If the child was already crying before the sensory test, we repeated the test after breastfeeding. If we still could not perform the test, another appointment was rescheduled. Absence of thumb pain sensation was confirmed in at least two evaluations performed on separated days. We analyzed pain testing only up to three months of age.
The evaluation protocol included power assessment of several muscle groups using a modified Medical Research Council (MRC) motor scale, including elbow flexion. The difference between grades 3, 4, and 5 was based on range of motion (3: less than 50%, 4: more than 50%, 5: no asymmetry). We evaluated elbow flexion at six months of age and correlated that with thumb pain sensation during the first two months of age. Patients with less than antigravity elbow flexion at six months of age were considered to have a poor outcome.
Statistic analysis was performed using Chi-square test. We calculated sensitivity and specificity of absent thumb pain sensation for predicting a poor outcome. We also calculated the relative risk of a patient with absent finger pain sensation for a poor outcome, including the 95% confidence interval.
RESULTS
Sensory testing could be done in all 131 patients. Thumb pain sensation was normal in 101 patients (77%) and absent in 30 (23%). Patients with absent thumb pain sensation included 15 patients with global paralysis, 14 patients with C5-C7 involvement and only one patient with motor involvement restricted to C5-C6 levels.
Forty patients were considered to have a poor outcome based on elbow flexion score at six months of age, including 15 patients with global paralysis, 19 patients with C5-C7 involvement and six patients with C5-C6 involvement. For purpose of this study, hand function was not considered. All 17 patients with global paralysis had poor hand function at six months.
Absent thumb pain sensation was highly associated with a poor outcome (p<0.001), with a sensitivity of 65% and specificity of 96%. The positive predictive value was 87%, and the negative predictive value was 86%. The relative risk for a poor outcome in an infant with absent thumb pain sensation was Figure. Thumb pain sensation testing in a newborn, evoked by digital compression of the nail bed.
6.3 times higher (95% confidence interval: 3.8-10.4). The distribution of elbow flexion MRC scores in the patients with and without thumb pain sensation is seen in Table. DISCUSSION Our results show that the evaluation of thumb pain sensation is a valuable prognostic tool in newborns and young infants. Absent thumb pain sensation indicated a poor outcome with good specificity. Lack of specificity is a major concern of Gilbert's criterion for surgery indication: absent biceps function with three months of age 7, 18 . Unfortunately, sensitivity of the test was poor. It was rare for a patient with motor involvement restricted to C5-C6 levels to show absent thumb pain sensation. On the other hand, this was usually seen in patients with complete paralysis. Perhaps the most useful information was obtained in patients with C5-C7 involvement, which showed absent thumb pain sensation in 37% of the cases.
Sensory testing in infants is challenging. However, we think that testing babies with less than two months of age is much easier than testing older children. Young infants showed a very stereotyped pain response to thumb nail bed compression, which lasted only for a few seconds. They are not afraid of the physician, as is the case of older children. The sensory test did also not impress the parents, and none of them asked to stop the testing. The ability to perform the sensory testing is related to feeding timing. If the infant is hungry, it is often impossible to do it. The ideal moment to perform the test is about one hour after feeding, because the child is neither agitated nor drowsy.
Why are motor impairments much more evident than pain sensory deficits in birth related brachial plexus injuries? One possible explanation is that the dermatomes overlap extensively; so, many adjacent spinal levels should be compromised in order to generate a sensory deficit 19 . Collon et al. also suggested the possibility of alternative paths for peripheral sensory information in young infants with brachial plexus lesions 20 . One very tempting explanation is related to the physiopathology of neurapraxia 21 . Neurapraxia is related to conduction block of nerve fibers, which affect thick and myelinated fibers, as the motor fibers. However, pain sensation is mediated by thin nerve fibers (Aδ and C fibers), which are resistant to conduction block. Therefore, it is expected that patients with neurapraxia should not have pain sensory deficits.
In conclusion, our sensory testing protocol is very easy to perform and can be done in just a few seconds. Despite the poor sensitivity, we think that it should be incorporated to the routine clinical examination of young infants with brachial plexus lesions. Other studies are needed to confirm our findings, including a blinded prospective long term study and the evaluation of the sensory test reproducibility.
